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,Q WKLV SDSHUZHSUHVHQW WKHXVHRI 3KRWRQLF&U\VWDOV DV FKHPLFDO VHQVRUV7KHVH' QDQRVWUXFWXUHG VHQVRUVZHUH
SUHSDUHG E\ QDQRLPSULQW OLWKRJUDSK\ GXULQJ ZKLFK D QDQRVWUXFWXUH LV WUDQVIHUUHG IURP D QLFNHO WHPSODWH LQWR D
UHVSRQVLYHSRO\PHUWKDWLVEHVSHFLILFDOO\WXQHGWRLQWHUDFWZLWKWKHFKHPLFDOFRPSRXQGWKDWPXVWEHGHWHFWHG%\
FUHDWLQJD3KRWRQLF&U\VWDO LQD UHVSRQVLYHSRO\PHU WKH VHQVLWLYLW\RI VXFKD VHQVRUFDQEHJUHDWO\HQKDQFHGZLWK
UHVSHFWWRQDQRSKRWRQLFVHQVRUVWKDWDUHRQO\IXQFWLRQDOL]HGE\DVXUIDFHWUHDWPHQW:HKDYHVKRZQWKHIXQFWLRQDOLW\
RI DQ LPSULQWHG VHQVRU E\ H[SRVLQJ WKH QDQRVWUXFWXUHV WR YDULRXV OLTXLGV DQG YDSRXUV DQGPRQLWRU WKH FKDQJH LQ







3KRWRQLF &U\VWDOV 3K& DUH YHU\ DWWUDFWLYH IRU DSSOLFDWLRQ LQ FKHPLFDO VHQVRUV VLQFH WKHLU RSWLFDO
SURSHUWLHVFDQEHFKDQJHGZKHQH[SRVHGWRDQDO\WHV>@,QDGGLWLRQWKHLUUHVSRQVHVDUHHTXDOO\UHOLDEOH
RQ DUHDV DV VPDOO DV D IHZ P WRPP7KHPDMRU FKDOOHQJH LQ WKH GHYHORSPHQW RI SKRWRQLF FU\VWDO
VHQVRUVLVWKHSURGXFWLRQRIWKHVHSHULRGLFVWUXFWXUHVRQDQLQGXVWULDOO\UHOHYDQWVFDOH(JLQYHUVHRSDO
VHQVRUVFDQ VKRZDKLJK VHQVLWLYLW\EXWKDYHD OLPLWHGDSSOLFDELOLW\GXH WR WKHFRPSOH[PDQXIDFWXULQJ
SURFHVV $OWHUQDWLYHO\ SKRWRQLF FU\VWDO VODEV KDYH EHHQ IURP VHPLFRQGXFWRUV DIWHU ZKLFK VHQVRU
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3KRWRQLFFU\VWDOVHQVRUV
3KRWRQLF FU\VWDOV DUH SHULRGLF RSWLFDO QDQRVWUXFWXUHV KDYLQJ D UHJXODU SDWWHUQ RI KLJK DQG ORZ
UHIUDFWLYH LQGH[PDWHULDOVILJXUH7KH\FDQEHPDGH LQWR'VWUXFWXUHVHJJUDWLQJV'VWUXFWXUHV






WKHZDYHOHQJWKRI WKH UHIOHFWHG OLJKW OP FDQEH HDVLO\ FDOFXODWHG DFFRUGLQJ WR D VLPSOLILHGYHUVLRQRI
%UDJJVODZ
GQHIIP  O  
,QZKLFKQHII LV WKHHIIHFWLYH LQGH[RI UHIUDFWLRQRI WKHJUDWLQJDQGG LV WKHVSDFLQJRI WKHJUDWLQJ$
FKDQJH LQ G RU QHII GXH WR LQWHUDFWLRQV ZLWK WKH FKHPLFDO HQYLURQPHQW FDXVHV D VKLIW LQ UHIOHFWHG
ZDYHOHQJWK
&ROORLGDO FU\VWDOV DUH H[WHQVLYH VWXGLHG DV DUWLILFLDO RSDOV>@ 7KHVH DUH RUGHUHG DUUD\V RI KLJKO\
PRQRGLVSHUVHQDQRSDUWLFOHVHJVLOLFD300$ZKLFKLQWURGXFHSHULRGLFVSDWLDOYDULDWLRQVLQGLHOHFWULF
SURSHUWLHVVKRZLQJ%UDJJGLIIUDFWLRQRIOLJKWJLYLQJULVHWRVWRSEDQGLQZKLFKWKHSURSDJDWLRQRIOLJKW
ZLWKLQ D QDUURZ UDQJHRIZDYHOHQJWKV LV SURKLELWHG)RU VXFK D ' QDQRVWUXFWXUHGPDWHULDOZKHUH WKH
OLJKWFDQHQWHUIURPDOOGLUHFWLRQVWKHDQJOHRILQFLGHQFHTLVLQWURGXFHG
 TO VLQ GQHIIP   
8VLQJFROORLGDOFU\VWDOVLQDPDWUL[RIUHVSRQVLYHSRO\PHUVHJK\GURJHOVODUJHVKLIWVLQZDYHOHQJWK
FDQ EH REWDLQHG  QP HYHQYLVLEOH IRU WKH QDNHG H\H>@7KHVH W\SHV RI VHQVRUV KDYH EHHQ
GHYHORSHG IRU WKH GHWHFWLRQ RI HJ S+ >@ YRODWLOH RUJDQLF FRPSRXQGV >@ WHPSHUDWXUH >@ RU
ELRPROHFXOHV>@









&KHPLFDO 6HQVRU WKH ZDYHOHQJWK RI WKH
UHIOHFWHG OLJKW FKDQJHV XSRQ




7KH UHVSRQVLYH SRO\PHUV WKDW DUH XVHG IRU WKH PDQXIDFWXULQJ RI WKH SKRWRQLF FU\VWDO VHQVRUV PXVW
SRVVHVVVHYHUDOSURSHUWLHV)LUVWWKHSRO\PHUVPXVWEHVXLWDEOHIRUWKHQDQRLPSULQWOLWKRJUDSK\SURFHVV
7KLVPHDQV WKDW WKHPRQRPHU FRPSRVLWLRQPXVW KDYH D VXIILFLHQWO\ ORZ YLVFRVLW\ WR ILOO DOO WKH QDQR
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IHDWXUHVZKHQ LQFRQWDFWZLWK WKH WHPSODWHVRUPROGV)XUWKHUPRUH WKHPRQRPHUFRPSRVLWLRQPXVWEH
89 FXUDEOH WR VROLGLI\ LQWR WKH ILQDO SKRWRQLF FU\VWDO VWUXFWXUH 3UHIHUDEO\ WKH UHIUDFWLYH LQGH[ RI WKH
FXUHGSRO\PHUPXVWEHKLJKLQRUGHUWRJHQHUDWHDVXLWDEOHUHIUDFWLYHLQGH[FRQWUDVWEHWZHHQSRO\PHUDQG
HQYLURQPHQW$QGPRVWLPSRUWDQWO\ WKHSRO\PHUPXVWKDYHVSHFLILFFKHPLFDORUSK\VLFDO LQWHUDFWLRQV
ZLWK WKH WDUJHW DQDO\WHV  7KH XVH RI DFU\OLF EXLOGLQJ EORFNV HQDEOHV WKH FRPELQDWLRQ RI WKHVH
UHTXLUHPHQWVVLQFHDPXOWLWXGHRIPRQRPHUVFDQEHLQFRUSRUDWHGLQWRWKHSRO\PHUVHQVRU
7R DVVHVV WKH LQWHUDFWLRQV EHWZHHQ SRO\PHU DQG DQDO\WH ZH KDYH FRPELQHG VLPSOH PROHFXODU




7KH ' SKRWRQLF FU\VWDOV DUH SUHSDUHG E\ QDQRLPSULQW
OLWKRJUDSK\LQWKHUHVSRQVLYHSRO\PHU$QLFNHOWHPSODWHKDYLQJWKH
UHTXLUHG QDQRVWUXFWXUH LV UHSOLFDWHG LQ D VLOLFRQH SRO\PHU 3'06




SRO\PHU SKRWRQLF FU\VWDO ZDV REWDLQHG ILJXUH  7KH VHQVRU
FKDUDFWHUL]DWLRQ LV GRQH RQ WKH ' SKRWRQLF FU\VWDO RQ WKH JODVV
VXEVWUDWH E\ LOOXPLQDWHG IURP DQ DQJOH XVLQJ D EURDG VSHFWUXP RI
OLJKW7KHUHIOHFWHGOLJKWLVPHDVXUHGE\DVSHFWURSKRWRPHWHUXQGHU
WKHVDPHDQJOH7KHSKRWRQLFFU\VWDOVHQVRULVH[SRVHGWRDYDSRXURU
D OLTXLG DQG WKH FKDQJH LQ UHIOHFWLRQ SHDN LV PRQLWRUHG GXULQJ


















































WHPSODWH WRS DQG WKH LPSULQWHG
UHVSRQVLYHSRO\PHUERWWRP
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$ SRODU DFU\OLF SRO\PHU QDQRVWUXFWXUH ZDV H[SRVHG WR OLTXLG DFHWRQH :KHQ WKH OLTXLG LV SUHVHQW





WR GHWHUPLQH WKH UHIUDFWLYH LQGH[ RI WKH OLTXLG RU WKH SRO\PHU 7KH VHFRQG SDUW RI WKH H[SHULPHQW LV
VSHFLILFIRUWKHFRPELQDWLRQDFHWRQHSRO\PHUVLQFHWKHFKHPLFDOVWUXFWXUHRIWKHSRO\PHUGHWHUPLQHVWKH
VRUSWLRQRI WKHDQDO\WH$QRWKHUH[SHULPHQWZDVSHUIRUPHGZLWKWROXHQHRQWRSRIDQRQSRODUSRO\PHU










































,Q WKLV SDSHU ZH KDYH VKRZQ WKDW ZH FDQ PDQXIDFWXUH SKRWRQLF FU\VWDO VHQVRUV E\ D QDQRLPSULQW
OLWKRJUDSK\SURFHVV7KHVHQVRUVVKRZDVKLIWLQWKHUHIOHFWHGVSHFWUXPZKHQH[SRVHGWRYDULRXVYDSRXUV
DQG OLTXLGV7KH VHQVRUV FDQ EHPDGH VHOHFWLYHE\ LQFRUSRUDWLQJ VXLWDEOHPRQRPHUV LQ WKH89FXUDEOH
SRO\PHU
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